BACKGROUND: Diabetes causes 45% of incident end-stage renal disease (ESRD). Risk of progression is higher in those with clinical risk factors (albuminuria and hypertension), and in ethnic minorities (including blacks, Asians, and Latinos). Angiotensin-converting enzyme inhibitors (ACE) and angiotensin receptor blockers (ARB) slow the progression of diabetic nephropathy, yet little is known about their use among patients at high risk for progression to ESRD.
I
n 1999, over 38,000 individuals, approximately 45% of all incident end-stage renal disease (ESRD) cases, initiated dialysis for diabetes-related renal failure. 1 The doubling of ESRD incidence over the past decade 1 is due almost entirely to diabetic nephropathy and parallels the worsening "epidemic" of diabetes in the United States, where an estimated 7% of the adult population has diagnosed diabetes. 2 At current rates of growth, over 175,000 individuals will receive a new diagnosis of ESRD in 2010 with the majority of cases attributable to diabetes. 1, 3 Once renal replacement therapy is initiated, those with diabetes are more likely to develop complications, be hospitalized, or die than those without diabetes. 1, 3, 4 Known clinical risk factors for progression of nephropathy include hypertension and albuminuria. In addition, several ethnic minority groups are known to be at higher risk to develop ESRD due to diabetes. 1, [5] [6] [7] [8] [9] Nationwide, the incidence of diabetes-related ESRD is 4 times higher among blacks, 1.5 times higher among Asians, and 2 times higher among Latinos, when compared to the incidence among whites. 1, 3, 10 Previous research from the population on which the present study is based 9 suggests that even in a population with uniform access to care, statistically and clinically significant excess ESRD incidence among minorities remains even after adjustment for differences in clinical, socioeconomic, behavioral, and other access to care confounders. While ESRD can be a devastating complication of diabetes, effective prevention exists. Treatment of high-risk diabetes patients with an ACE inhibitor (ACE) or angiotensin receptor blocker (ARB) can reduce the risk of progression to ESRD by 23% to 50%. [11] [12] [13] [14] [15] 18 -27 Despite evidence of efficacy and the existence of guideline recommendations, little is known about rates of ACE or ARB (ACE/ARB) use among patients at high risk for progression of nephropathy. In this study, we assessed the prevalence of ACE/ARB use, and ethnicity-based differences in use, among patients with diabetes and among those subgroups at higher risk of progression to ESRD based on additional clinical risk factors.
METHODS

Setting
Kaiser Permanente Northern California (KPNC) is a fully integrated, nonprofit, group practice, prepaid health plan providing comprehensive medical services to over 3 million members throughout Northern California (25% to 30% of the region's population). Plan members are mainly employed individuals and approximate the general population ethnically and socioeconomically except at the extremes of the income distribution. [28] [29] [30] The Kaiser Permanente Northern California Diabetes Registry was established in 1993 to monitor the quality of care and health outcomes for plan members with diabetes. Details regarding the methodology used for this diabetes registry have been published previously. 9, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] The registry is updated annually by identifying all plan members with diabetes from automated databases of pharmacy data, laboratory data, hospitalization records, and outpatient diagnoses. A chart review study in 1996 estimated a 2% false positive rate and a validation study in 2000 found the registry was 99% sensitive for detecting members with diabetes. Between 1994 and 1996, the ~98,000 noninstitutionalized diabetic members over 18 years of age were surveyed (in English or Spanish) to assess key patient-specific history and risk factors. The survey had a response rate of 83% and provided information on ethnicity, information needed to classify diabetes type, education, lifestyle and behavioral risk factors, and diabetes family history.
Study Cohort
Our study cohort included active KPNC members with diabetes who had continuous plan enrollment with pharmacy benefits for at least 10 months during the year 2000 and had responded previously to the patient survey (sole source of ethnicity data). From these 50,989, we excluded those missing data on diabetes type ( n = 2,225) and those missing laboratory data on albuminuria status ( n = 3,706). Members whose prescription copayment exceeded 80% of medication cost ( n = 700) were excluded to minimize bias related to underascertaining medication use among individuals with high out-of-pocket costs who may obtain their medications at non-Kaiser pharmacies. We also excluded those who reported "other" ethnic origin or various mixed heritages ( n = 6,087) because it is difficult to make meaningful inferences about this heterogenous group, and difficult to report on the individual subgroups because of small sample sizes.
Data Sources and Definitions
Patient characteristics were ascertained on or prior to December 31, 1999 , from clinical, laboratory, administrative, and survey records. The outcome of interest was at least one dispensing of an ACE/ARB at any time during the calendar year 2000. We assumed that contraindications to treatment would be rare because most individuals not tolerating an ACE can receive an ARB with a low likelihood of side effects. 41, 42 Individuals with diabetes were separated into 4 clinical risk strata: those with hypertension only, those with albuminuria only, those with both hypertension and albuminuria, and those with neither risk factor. We hypothesized that individuals with 2 clinical indications would have higher rates of ACE/ARB use than those with a single clinical indication, and those with neither indication would have the lowest rates of use. Among those with a single clinical indication, we hypothesized that those with albuminuria would have higher rates of ACE/ ARB use than those with hypertension as their indication, reflecting the strength of guideline support for ACE use in these groups as well as multiple alternative therapy options for hypertension, but not albuminuria. 16, 43 A patient was classified as having hypertension based on either self-report on survey or a diagnosis coded on an outpatient encounter form. A patient was classified as having albuminuria based on laboratory data demonstrating albumin excretion >30 mg/24 hours or >20 µ g/minute on timed urine specimen, or an albumin to creatinine ratio >30 mg/g on a spot urine specimen. Throughout this report, we use the term albuminuria to describe any abnormal urinary albumin excretion including microalbuminuria or macroalbuminuria. When albuminuria was more stringently defined as those with 2 or more positive urine tests, rates of ACE/ARB use were 3% to 6% higher, but because ACE/ARB can reverse albuminuria on subsequent testing, we report rates of use using the less stringent definition. Ethnicity was determined by self-report on survey and categorized as black, Latino, Asian, and non-Latino white. Patients were also classified according to age, gender, and educational attainment (high school or less, some college, or college graduate). Diabetes type was determined based upon a previously described algorithm 38 incorporating age and BMI (obesity) at diagnosis, use of insulin, and length of time between diagnosis and insulin initiation. Other disease-related factors examined included duration since diabetes diagnosis (<10 years, ≥ 10 years), and level of glycemic control as measured by hemoglobin A 1 c (<7.0, 7.0 to 7.9, 8.0 to 9.5, or ≥ 9.5%).
Analyses
We tabulated patient characteristics and prevalence of ACE/ARB use for the entire cohort, and for each clinical risk stratum (hypertension alone, albuminuria alone, hypertension and albuminuria, and neither risk factor). For the overall cohort and within each clinical risk stratum, we also calculated the prevalence of ACE/ARB use for each racial/ ethnic group. We assessed the statistical significance of all comparisons using analysis of variance for continuous variables and Wald χ 2 tests for categorical variables using whites as the reference group for ethnic contrasts. We did not risk-adjust ethnic comparisons because we were evaluating ACE/ARB use as a clinical performance standard (i.e., process measure), rather than making inferences about the causes of differences. All analyses were performed using SAS, version 8.0 (SAS Institute, Cary, NC), with twotailed P values less than or equal to .05 considered statistically significant.
RESULTS
There were 38,887 eligible individuals with diabetes in the study cohort. Approximately half were over the age of 65, and half were female ( Table 1 ). The vast majority had type 2 diabetes. Eighty-three percent of the cohort had at least one clinical indication, identified by guidelines, for ACE/ARB: 41% of the sample had both hypertension and albuminuria, 30% had hypertension alone, and 12% had albuminuria alone. Thirty-seven percent of the cohort comprised high-risk ethnic minority groups: 14% of the sample ( n = 5,310) was black, 11% ( n = 4,063) Latino, 13% ( n = 5,028) Asian, and 63% ( n = 24,486) were non-Latino white.
Several characteristics differed notably between ethnic groups (Table 2) . Whites were significantly older and had significantly better glycemic control than any of the other ethnic groups. The prevalence of hypertension was significantly higher among blacks than among the other ethnicities. Compared to the other ethnic groups, Latinos were less likely and Asians were more likely to have had education past high school.
Overall, 61% of the study cohort received an ACE or ARB. An ACE/ARB was dispensed to 74% of patients with both hypertension and albuminuria, 64% of those with hypertension alone, 54% of those with albuminuria alone, and 23% of those with neither hypertension nor albuminuria (Fig. 1) . In general, decreasing age and longer duration since diabetes diagnosis were associated with higher rates of ACE/ARB use in all of the clinical risk strata (data not shown).
There were no significant differences in the rates of ACE/ARB use among the different ethnic groups overall. An ACE or ARB was dispensed to 61% of whites, 63% of blacks, 59% of Latinos, and 60% of Asians (Fig. 2) . Among the clinical risk strata, the only ethnic disparity was noted for those who had albuminuria alone as their indication for ACE/ARB treatment (Fig. 3) ; ACE/ARB was dispensed less frequently to blacks (46.6%) than to whites (55.8%) and this difference was statistically significant (odds ratio 0.69; 95% confidence interval, 0.57 to 0.84). No other racial/ ethnic disparities in ACE/ARB use were noted.
DISCUSSION
In a large cohort of health plan enrollees with diabetes, we found that between 55% and 75% of patients with important clinical risk factors were receiving ACE/ARB therapy to prevent progression of nephropathy. Among the high-risk clinical groups, ACE/ARB use was significantly lower in those with albuminuria alone than among those with hypertension (regardless of whether albuminuria was concomitantly present) as a risk factor. Additionally, within this high-risk group with the lowest rates of use (those with albuminuria alone), we found that blacks were less likely than whites (47% vs 56%) to receive ACE/ARB. No other racial/ethnic disparities were apparent.
To our knowledge, ours is the first large, populationbased study to examine ACE/ARB use with data collected after guidelines started recommending ACE/ARB 16, 17 for high-risk clinical subgroups with diabetes. Studies predating the wide dissemination of guidelines found rates of use ranging from 40% to 45% depending on the setting and clinical risk of the population. [44] [45] [46] One study found that only 40% of high-risk patients with diabetes and no contraindication to therapy had ever been prescribed an ACE inhibitor. 47 While rates of use in the current study are higher than reported in prior studies, between 25% and 45% of those with clear clinical indications for ACE/ARB were still not receiving therapy. Additionally, our results suggest that, despite clear guidelines for ACE/ARB use for patients with diabetes and albuminuria, physicians may not be as likely to recognize or treat isolated albuminuria with ACE/ARB as strongly as they are to treat hypertension with ACE/ARB. Ours is the first study to examine the association between race/ethnicity and ACE/ARB use among individuals with diabetes. In contrast to prior studies, 18 -27 we found few racial/ethnic disparities in ACE/ARB use among patients with diabetes. There were no racial/ethnic disparities in ACE/ARB use among patients with isolated hypertension or combined hypertension and albuminuria. However, blacks with isolated albuminuria received ACE/ ARB less frequently than whites. Some past ACE inhibitor trials suggested that blacks may not achieve the same degree of blood pressure reduction as whites, 48, 49 but reductions in cardiovascular and renovascular event rates occur independent of blood pressure lowering effects in individuals with diabetes. 48, 50 Because of this and hypertension guidelines that recommend ACE or ARB as the preferred first-line agents for blacks with diabetes or renal disease, 51 we would not expect rates of use to be lower in the black population. Our findings may have important implications for improving the quality of diabetes care. Our data suggest that more could be done to encourage ACE/ARB use particularly among normotensive diabetic patients with microalbuminuria. Efforts to increase ACE/ARB use in this group should improve overall quality of care and may also help to narrow the one racial gap we found in this clinical risk group.
Our results also highlight an important opportunity for quality measurement efforts such as the National Committee for Quality Assurance's (NCQA) Health Plan Employer Data and Information Set (HEDIS), which, in recent years, has focused on the quality of diabetes care. In 1998, the NCQA adopted 6 diabetes performance measures, including a measure for annual microalbuminuria screening. In 2000, only 41% of individuals with diabetes enrolled in HEDIS-reporting health plans were screened for albuminuria. 52 Prior literature suggests that, of those screened and found to have microalbuminuria, only 40% are placed on ACE/ARB in response to a positive screening test. 53 It appears, therefore, that a large number of patients who would potentially benefit from ACE/ARB use are not receiving indicated screening or indicated treatment. In addition, the indications in diabetes for renin-angiotensin blockade continue to expand with evidence of cardiac benefit for ACE [54] [55] [56] [57] and for ARB, 11, 58 and likely renal benefits of ACE for normotensive, normoalbuminuric individuals. [59] [60] [61] Given the expanding eligible population, low screening rates, and low treatment rates in response to positive screens, in the future it may be desirable to replace the current HEDIS measure of microalbuminuria screening with an alternative performance measure assessing ACE/ARB treatment for all patients with diabetes. Our study had some limitations. Our sample excluded patients who failed to report their race/ethnicity on a survey administered during 1994 -1996. However, past research suggests that ethnicity data are more reliable when obtained from self-report than from administrative data. 62 The survey response rate was high (83%) but nonresponse bias cannot be excluded. Because rates of ACE/ARB use were comparable in all ethnic minorities except in blacks with albuminuria, it is possible that this represents a chance finding. While the registry had excellent completeness of laboratory follow-up (albuminuria screening done in 91% of the population compared to an average of 41% nationally 52 ), we did not estimate rates of ACE/ARB use among the 9% of patients who did not undergo screening for microalbuminuria. Because of incomplete ascertainment of key clinical factors, such as history of adverse reaction to ACE, we could not exclude all individuals with contraindications to treatment. However, because our end point was a composite of ACE or ARB use and contraindications to ARBs in those not tolerating ACE are rare, 41, 42 we would expect any bias to be small. Only 0.1% to 0.2% of patients develop ACE-related angioedema. Although this contraindication may be 3 times more frequent in blacks than in whites, 63 the low incidence makes it an unlikely explanation of the racial disparity we observed. Our estimates may not generalize directly to other health care settings because KPNC enrolls an insured, predominantly employed population, and has quality improvement programs in place (such as guidelines and the use of physician opinion leaders) to improve ACE/ARB use in at-risk populations. By defining our outcome as a single ACE-or ARB-dispensing event during the year 2000, we were unable to estimate rates of sustained ACE/ARB use. We expect that sustained use would be lower because of nonadherence. Finally, we were unable to determine whether patients with clinical indications (i.e., albuminuria or hypertension) not using ACE/ARB were never prescribed these therapies by their physician, or that they were prescribed ACE/ARB but did not fill the prescription. It is unlikely, however, that the prevalence of failure to fill prescriptions would differ across the clinical risk groups we studied.
Conclusion
In summary, we found that between 55% and 75% of high-risk diabetic patients with known clinical indications for preventive therapy were treated with an ACE or ARB during 2000. Those with albuminuria as their sole clinical indication of increased risk were significantly less likely than those with hypertension to receive an ACE/ARB; and among those with albuminuria alone, blacks were significantly less likely than whites to receive ACE/ARB. No other significant racial/ethnic differences in ACE/ARB use were found. To further increase rates of ACE/ARB use and narrow the racial gap we observed, educational efforts to patients and physicians should highlight microalbuminuria as an important clinical indication for ACE/ARB. In addition, policymakers may want to consider designing a measure of ACE/ARB use for inclusion in future diabetes performance measurement sets. 
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